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Tuesday, February 28, 2012 591aanalyses. We found that not only was the composition of the cell wall dramat-
ically altered, but the overall structure of the cell wall was affected demonstrat-
ing the flexibility of plant polysaccharide organization to compensate for
changes within the cell wall.
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Analysis of protein amide I IR bands can be complicated by absorption of side-
chain groups. Side-chain IR spectra have been previously studied at acidic (pH
~2.3) and neutral (pH ~7) conditions, which take account of the protonated and
deprotonated states of the carboxylic groups, but only at room temperature. It is
expected that in thermal denaturation experiments these side-chain absorptions
will change in both frequency and intensity with respect to temperature. This
will additionally convolute the Amide I spectra unless corrected for. In order
to attain these corrections an equilibrium study of temperature effects on amino
acid side-chain absorptions has been conducted at both pH’s for the amino
acids glutamine, glutamic acid, asparagine, aspartic acid, and arginine. Exper-
iments were carried out in a 1mM deuterated phosphate buffer. Deuterated
amino acids were dissolved (1mg Amino Acid/60mL Buffer) in the buffer
and scanned using a Bruker Tensor 27 FTIR. Samples were heated via a soft-
ware controlled water bath from 0C to 87C, with scans taken every 3C. The col-
lected temperature and pH dependent side-chain absorptions were normalized,
to published room temperature data, and fit to pseudo-Voigt functions. It was
found that both frequency and intensity exhibit linear changes with respect to
temperature, though direction and magnitude varied between amino acids.
These known shifts can thus be accounted for in the Amide I spectra analysis
of proteins.
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Vibrational energy flow in biological macromolecules can be nicely studied by
ultrafast pump-probe spectroscopy, given that suitable chromophors for inject-
ing and tracking energy flow are present. Here we present a study on a new
donor-acceptor pair consisting of two artificial aminoacids, with an azulene
chromophore as a ‘‘donor’’, that can be excited at 600 nm and injects vibra-
tional energy into the peptide or protein investigated. An azide chromophore
is serving as an ‘‘acceptor’’, which can be monitored at 2100 cm-1 to track en-
ergy flow in the system. These labels combine a set of very favourable proper-
ties for the study of IVR in biological macromolecules. Co-translational
incorporation of each of the labels into proteins has been demonstrated in the
form of beta-(1-azulenyl)-L-alanine and L-azido-homo-alanine. To investigate
the performance of the azulene-azide donor-acceptor pair, we designed a model
peptid (Aaa-Tyr-Asn-Aha-Gly) inculding both chromophores and additional
protein marker modes, such as tyrosine, asparagine and glycine providing the
c-terminal carboxyl. We performed Vis-pump IR-probe experiments on the
peptide, covering the range from 1200 cm-1 to 2120 cm-1. While in azulene-
containing monomers, studied for comparison, the infrared signals reached
their maximum within 2ps, we found for the peptide a pronounced correlation
between the through-bond distance of a vibrating group from the azulene chro-
mophore and the time until the IVR induced signal of this group becomes max-
imal. The signal of the azide band of our ‘‘acceptor’’ azido-homo-alanine is the
dominating contribution at 9-10 ps. Even over a distance of four residues, it rea-
ches a signal size comparable to the total amide I intensity of the peptide. In the
light of the presented results the application of the azulene-azide donor-accep-
tor pair for IVR studies in proteins appears very promising.
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Deposited and floating monolayers of phospholipids are commonly used as
model systems for biological membranes, since their complex structure make
spectroscopic investigations difficult. In this research, the surface specific tech-
nique Vibrational Sum Frequency Spectroscopy (VSFS) was applied to inves-
tigate the molecular structure, packing properties, and hydrating water of
Langmuir-Blodgett monolayers of 1,2-distearoyl-sn-glyerco-phosphatidylcho-
line (DSPC, 18:0 PC), its deuterated analog (18:0 PC-d83), and 1,2-distearoyl-sn-glyerco-phosphatidylserine (DSPS, 18:0 PS) deposited on CaF2 substrates at
a surface pressure of 35 mN/m. The CH and CD stretching regions, the water
region, and the lower wavenumber region, containing phosphate, ester, carbox-
ylate, and amine signals, thus partly covering the fingerprint region, were
probed to obtain a complete map of the molecules. All phospholipids formed
well ordered, stable monolayers. Probing the water region revealed significant
differences in hydration of the different headgroups. The tilt angle of the ali-
phatic chains relative to the surface normal was estimated to 4 to 10 based
on orientational analysis of the antisymmetric methyl stretch, and the result
of a qualitative orientational analysis of the ester C=O groups was consistent
with the tilt angle of the aliphatic chains.
Additionally, the stability of Langmuir monolayers of 18 PC with various de-
grees of unsaturation in the aliphatic chains was studied in situ. To monitor the
degradation of the phospholipids the time dependent change of the Langmuir
monolayer area at constant surface pressure and the SF intensity of the vinyl
CH stretch were measured. While monolayers of fully saturated phospholipids
formed stable, well ordered films at the water surface, phospholipids containing
unsaturated aliphatic chains showed a significantly lower stability and rapid
degradation. Nitrogen purging of the ambient air inhibited the breakdown, at-
tributed to spontaneous degradation by oxidation mediated by reactive species
in the air.
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Near-infrared (NIR) (650-1000 nm) optical properties of turbid media can be
accurately quantified noninvasively using methods based on diffuse reflectance
or transmittance, such as frequency domain photon migration (FDPM). For in-
stance, Diffuse Optical Spectroscopy (DOS) is a noninvasive technique that is
commonly used to provide biochemical information on hemoglobin, bulk lipids
and water concentration by NIR tissue absorption and scattering. DOS does not
require exogenous contrast, and rapidly provides quantitative, functional infor-
mation about tumor biochemical composition. Conventional FDPM techniques
are based on white-light steady-state (SS) measurements and the acquisition of
frequency-domain (FD) data at several wavelengths using laser diodes, to mea-
sure broadband NIR scatter-corrected absorption spectra of turbid media. These
techniques are limited by the number of wavelength points used to obtain the
FD data. We developed a new method to improve the acquisition of optical pa-
rameters of the examined tissues, based on digital parallel acquisition in FD.
With our system, both FD and SS measurements are performed using a su-
per-continuumwhite laser alone. Moreover, the white laser allows a continuous
scan of frequencies in the spectral medical window, thus providing additional
wavelength information. At each wavelength, we extract what we refer to be as
the tissue phasor. The estimated absorption and scattering coefficients are ob-
tained by fitting phase shift and demodulation with a mathematical model for
a semi-infinite geometry. In previous works we showed the possibility of non-
invasively predicting chemotherapy response prior to treatment based on bio-
markers obtained from tumor spatial heterogeneities of spectral features
measured using a conventional DOS instrument. With the method here pre-
sented, we expect to improve the characterization of breast tumor spatial het-
erogeneities and the prediction of chemotherapy outcome. Work supported
by NIH-P41-RR003155.Computational Methods II
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In both mammalian cells and bacteria, simple phosphorylation circuits play
a very important role in cellular function. Bacteria have hundreds of two-
component signaling systems that involve phosphotransfer between a receptor
kinase and a response regulator. In mammalian cells a similar pathway is the
crucial TGF-beta signaling pathway, where extracellular levels of TGF-beta
family ligands lead to activation of receptors that phosphorylate Smad proteins,
which in turn activate many genes. In TGF-beta signaling the multiplicity of
external ligands begs the question as to how cells distinguish signals coming
from different extra-cellular ligands, but transduced through a small set of
Smads. Here we use information theory with stochastic simulations of simple
networks to address this question. We find that when signals are transduced
through the same Smad, the cell cannot distinguish between different levels
592a Tuesday, February 28, 2012of external ligands. Increasing the number of Smads to two significantly im-
proves information transmission as well as the ability to discriminate between
different ligands. Surprisingly, both total information transmitted through the
channel and the capacity to discriminate between external ligands are quite in-
sensitive to the cross-talk between the two Smads, as long as they are not nearly
identical. In sharp contrast, we find that two-component systems in bacteria
show a significantly sharper decline in information transfer in the presence
of cross-talk. This suggests that mammalian signal transduction can tolerate
a high amount of cross-talk. This may have played a role in the evolution of
new functionalities from small mutations in signaling pathways and allowed
for the development of cross-regulation. Insensitivity to cross-talk also could
increase robustness due to redundancy in signaling pathways. Conversely, bac-
terial two component systems are much less robust against cross-talk which
may provide an explanation for the lack of cross-regulation in most two com-
ponent systems.
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T-tubules in mammalian ventricular myocytes are invaginations of the surface
membrane which couple membrane depolarization with intracellular Ca2þ sig-
naling to facilitate the coordinated contraction. Deletion of t-tubules (detubula-
tion) has been reported in heart diseases, although the complex nature of the
cardiac excitation-contraction (E-C) coupling process makes it difficult to ex-
perimentally establish causal relationships between detubulation and cardiac
dysfunction. Alternatively, numerical simulations have been proposed, how-
ever, the majority of models treat the subcellular spaces as lumped compart-
ments, and are thus unable to dissect the impact of morphological changes in
t-tubules. We developed a 3D finite element model of cardiomyocytes in which
subcellular components including t-tubules, myofibrils, sarcoplasmic reticu-
lum, and mitochondria were modeled and arranged realistically. Based on
this framework, electrophysiology, E-C coupling, metabolism and mechanical
deformation are simulated by simultaneously solving the multiple reaction dif-
fusion equations for Ca2þ
and energy metabolites,
and the mechanical equilib-
rium. The model repro-
duced the Ca2þ transients
and contraction observed
in experimental studies
with and without the t-tu-
bule system and revealed
that the asynchronous con-
traction caused by a large
area of detubulated region
can impair contractile
efficiency.
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Driven by the desire to fulfill major needs for medical adhesives that fully de-
grade with time, adhere to wet tissues, control bleeding, and are mechanically
durable with controlled drug-release capabilities, our group has discovered
a unique new material called ‘‘e-gel’’. The e-gel forms during a process called
electrogelation, when a low-voltage direct-current field causes a sol-gel transi-
tion in an aqueous silk protein solution. The e-gel is fully biocompatible and
exhibits exceptional adhesive properties, both to tissue and synthetic surfaces
(including water environments) and can also be re-dissolved into solution by
reversal of electrical polarity. Furthermore, small shear forces induce structural
alignment of silk proteins resulting in the irreversible transition to the gel state.
To help elucidate the underlying mechanisms governing e-gel formation and
growth we have developed a finite element model of the electrogelation pro-
cess. The model examines how the dynamics of the pH field, caused by elec-
trolysis of water, controls e-gel growth. The pH field is variable during
electrogelation due to the interplay of positive Hþ ions generated at the
e-gel forming (þ) electrode and the negative OH- ions formed at the opposite(-) electrode. The acidic pH propagates from the positive electrode and induces
a gradual transition of the silk protein to the gel state. Our ion electro-diffusion
model has been experimentally verified and provides the ability to predict, for
a given set of conditions (e.g. strength of the current, geometry of the setup) the
growth of the e-gel from the positive toward the negative electrode, including
its final, steady-state length. The model is adaptable and can serve as a platform
for more intricate, multiscale models that would couple conformational
changes of silk proteins with macro-scale ion and protein transport.
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Catch bonds play a critical role in the phenomenon of leukocyte rolling and ad-
hesion. All selectin isoforms have been shown to form catch-slip bonds with
their ligands, and in vivo presumably act as systems of several parallel
receptor-ligand bonds. Little is known, however, about how the unusual kinet-
ics of the catch bond manifest as systems, nor how the inherent compliance of
the molecules themselves alters the behavior of the system. We conducted
Monte Carlo simulations and derived a closed form probabilistic expression
for mean bond lifetime based on reliability theory. Both approaches were based
on a single model that included the variables of contact area between the oppos-
ing surfaces, molecular compliance, and site density, and allowed for the for-
mation of new bonds when receptors and ligands were within range. We
found that at high numbers of initial bound receptor-ligand pairs (R10) and
at low molecular stiffness (% 1 pN/nm) receptor-ligand clusters behave exhibit
‘‘ideal’’ behavior over the 0-40 pN range - that is, an overall bond lifetime that
is invariant with load. This is in agreement with recent experimental data that
found ideal bond behavior at high surface densities of E-selectin. The bond life-
times even at high site densities were reasonable and not orders of magnitude
higher than single bonds. In contrast, slip bond (classical Bell model) interac-
tions give rise to disproportionate increases in bond lifetime with bond on-rate;
increasing the on-rate 50 to 75 fold increased mean bond lifetime 100 and 1000
fold respectively. The compliance of the receptor-ligands pairs also exerts
a strong influence by modulating the contact area between the surfaces. Our re-
sults suggest that classical slip bonds alone are untenable for adhesion in bio-
logical systems where cells must move relative to one another.
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Partial pressure of oxygen (pO2) is suggested to have a regulatory effect on
chondrocyte biosynthetic activities and its effect during expansion is unknown.
We hypothesize that oxygen tension due to mechanical deformation or swelling
could be as important as direct mechanical effects on cell biosynthetic activi-
ties. While there are plenty of studies on measuring and/or modeling pO2 in
articular cartilage (AC) for static (rest) conditions, to our best of knowledge,
there are no such studies on pO2 in AC for dynamic conditions such as swelling
or tissue deformation. In this study, we attempt to develop a model to study the
dynamics of oxygen transport in AC. We design a high-precision hybrid ele-
ment using the p-type finite element method by which both, diffusion and con-
vection, are incorporated as a single element. We use a domain decomposition
method that allow us to use a different type of discretization with independent
discretization variables in non-overlapping sub-domains, for a generic three-
dimensional approach to elliptic boundary value problems of order two or
higher. Results strongly support the idea that during normal activity, the partial
pressure of oxygen in AC is uniform and high (close to 50 mmHg) unlike in
static conditions where partial pressure has a large gradient from surface to bot-
tom. The formulation developed in this study might be used in determining the
necessary flow conditions to cultivate tissue constructs in tissue repair and tis-
sue engineering.
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Patch clamp recordings of isolated ventricular myocytes frequently display
a temporal variability in the action potential duration. Intercellular coupling
